We prove that every strictly positive endofunctor on the category of sets generated by Martin-L of's extensional type theory has an initial algebra. This representation of inductively de ned sets uses essentially the wellorderings introduced by Martin-L of in \Constructive Mathematics and Computer Programming".
Martin-L of 11] also showed that one can encode both the set of natural numbers and the set of ordinals of the second number class in terms of the wellorderings, the nite sets N 0 ; N 1 ; N 2 , and the rst universe U. (N i is the nite set with i elements 0 i ; 1 i ; : : :; (i ? 1) i and R i is the i-ary conditional appearing in the elimination rule for N i .)
The set N of natural numbers can be encoded by N = W We shall show that these are just two instances of a general representation theorem for inductively de ned sets in extensional type theory.
The representation theorem
The general result refers to sets which are inductively generated by strictly positive operators, that is, operators built up from set variables and constants using +, , and ! with the restriction that no set variable occurs to the left of !. For example, the set N of natural numbers is generated by (X) = N 1 + X and the set O of ordinals of the second number class is generated by (X) = N 1 + (N ! X).
Each strictly positive operator can be extended to a strictly positive functor on the category of sets generated by extensional type theory. This category has sets in the sense of extensional type theory as objects and elements of the set A ! B as morphisms. Two morphisms are equal i they are equal elements of A ! B i they are extensionally equal functions from A to B. We can then formulate: Theorem 1 Each strictly positive functor on the category of sets generated by extensional type theory has an initial algebra. Given another -algebra e : (C) ! C, there is a morphism of -algebras h : W ! C, where h(c) = T(c; d) for d(x; y; z) = e(hx; zi): That h is the unique such morphism is an \ -rule" which follows from extensionality of equality of morphisms.
Theorem 1 now follows from lemma 3 below, which states that each strictly positive functor is isomorphic to a functor of the form (X) = We need to show that
But this follows directly from (3) and ( Petersson and Synek 15] introduced a new set constructor for general trees in type theory. These trees are related to the wellorderings, but encode extra information which can also be used for representing inductively de ned families of sets in a similar style as the representation described in the present paper.
General rules for initial algebras in dependent type theory can be found in Coquand and Paulin 2], Mendler 12], Geuvers 5] , and Jacobs 7] .
Natural deduction formulations for inductively de ned sets in type theory can be found in Backhouse 1] and for inductively de ned families in Dybjer 4, 3] . This is an alternative approach to inductive de nitions in type theory modelled on Martin-L of's natural deduction formulation of inductively de ned predicates in predicate logic 9]. This approach has also been formulated for inductive de nitions in the calculus of constructions by Coquand and Paulin 2] and Luo 8] .
